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DESCRIPTION 

Method for Collecting Acrylic Acid 

Technical Filed 

The present invention relates to a method for 
collecting acrylic acid, in particular, a method for 
collecting acrylic acid in which acrylic acid is 
collected using a solvent from a gas comprising acrylic 
acid obtained by catalytic vapor-phase oxidation of 
propane, propylene, or the like. 



Background Art 

Acrylic acid can be produced by catalytic 
vapor-phase oxidation of propane, propylene, acrolein, 
or the like and obtained by a method for collecting 
acrylic acid from a gas comprising acrylic acid using 
a collection solvent. 

The conventional methods for the collection of 
acrylic acid using a solvent from a gas comprising 
acrylic acid include a method for collecting using 
water or. an aqueous solution as a collection solvent. 

In such a collection of acrylic acid using the 
aqueous solution from the gas comprising acrylic acid, 
a problem has occurred in that part of acrylic acid is 
entrained in the moisture contained in the gas 
discharged from a collection device instead of being 
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collected, and then discharged together therewith. 

To solve the problem, studies have been conducted 
on shape and arrangement of materials in a collection 
device, the composition of an aqueous solution used for 
the collection, and so on (e.g., JP 13-19655 A and JP 
09-1572 13 A) . However, acrylic acid distilled from 
the top of the collection column is influenced by 
operation conditions, so that it is difficult to 
suppress the loss of acrylic acid from the top of the 
column stably over long periods. Moreover, the method 
for employing high-performance packing as materials in 
the collection device is not a satisfactory method 
because there is a problem in that clogging tends to 
occur owing to the polymerization of acrylic acid when 
acrylic acid is distilled toward the top of the column 
in an increased amount along with variations in the 
operation . 

Disclosure of Invention 

The present invention has been made in view of the 
above problems and has an object to provide a method 
for collecting acrylic acid, where a concentration of 
acrylic acid remaining in a gas comprising acrylic acid 
is lowered in collecting acrylic acid from the gas using 
a collection device. 

For solving the above problems, as a result of 
conducting various studies, the inventors of the 
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present invention have found out that, at the time of 
collection, the concentration of acrylic acid 
remaining in the gas is closely related to both the 
weight fraction of acrylic acid to all condensable 
ingredients in the reaction gas before collection and 
the weight fraction of acrylic acid to the bottoms of 
a collection device used in a step of collecting. 

That is, the present invention provides the 
following . 

(1) Amethod for collecting acrylic acid comprising the 
step of collecting acrylic acid using an aqueous medium 
from a reaction gas comprising acrylic acid obtained 
by catalytic vapor-phase oxidation of propane, 
propylene, and/or acrolein, wherein: 

the following formula (1) is satisfied if A 
represents a weight fraction of acrylic acid to all 
condensable ingredients in the reaction gas before 
collecting acrylic acid and B represents a weight 
fraction of acrylic acid in a bottoms of a collection 
device used in the step of the collecting. 



(B / A) < 1.25 (1) 



(2) The method for collecting acrylic acid as described 
in the item (1), wherein the aqueous medium is an 
aqueous solution that comprises 90 wt% or more of water. 

(3) The method for collecting acrylic acid as described 
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in the item (1) or (2), wherein the collection device 
used in the step of collecting is a column-type 
collection device comprising a collection column. 
(4) The method for collecting acrylic acid as described 
in any one of the items (1) to (3), wherein the 
collection is performed while a temperature of a top 
of the collection column of the column-type collection 
device is kept within a predetermined range. 

Industrially, acrylic acid of the present 
invention is usually obtained by the so-called 
catalytic vapor-phase oxidization which oxidizes 
propane, propylene, and/or acrolein by molecular 
oxygen in the presence of a solid catalyst. 

More specifically, there are a method for directly 
producing acrylic acid by reacting propylene with a 
mo 1 e cu 1 a r - ox y gen- c on t a i ni n g gas such as the air in the 
presence of a mol ybdenum- oxi de solid oxidation 
catalyst (single-step process: see, e.g., JP 7-53448 
A), a method for producing acrylic acid by reacting 
propylene with molecular oxygen in the presence of a 
molybdenum-oxide solid oxidation catalyst at a first 
reaction zone to obtain acrolein and reacting acrolein 
with molecular oxygen in the presence of a 
molybdenum-oxide solid oxidation catalyst at a second 
reaction zone (two-step process: see, e.g., JP 4 7- 10 614 
A or JP 63-937 4 7 A) . The methods described therein can 
be preferably used in the present invention. 
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In the present invention, as acrylic acid obtained 
as described above is in an a c r y 1 i c - a c i d- c on t a i n i ng 
gaseous state, acrylic acid is obtained as an aqueous 
solution comprising acrylic acid by bringing acrylic 
acid into contact with an aqueous medium to separate 
and collect it from a reaction gas. In this case, 
preferably, provided that A represents a weight 
fraction of acrylic acid to all condensable ingredients 
in the reaction gas before collection of acrylic acid 
and B represents a weight fraction of acrylic acid in 
a bottoms of a collection device used in the step of 
collecting, the following formula (1) is satisfied: 



(B / A) < 1.25 (1) 

Furthermore, the weight fraction A of acrylic acid 
to all condensable ingredients in the reaction gas 
before collection of acrylic acid is represented by 
[the weight of acrylic acid in the reaction gas] / [the 
weight of all condensable ingredients in the reaction 
gas ] . 

Under the condition of (B/A) < 1.25, the 
efficiency of collecting acrylic acid in the solvent 
can be raised. (B/A) < 1.1 is more preferable. In 
addition, B/A can be adjusted by the temperature of the 
top of the column, the amount of the reaction gas 
supplied before collection, the amount of the 
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collection solvent used, the moisture content in the 
collection solvent, or the like. 

The weight of acrylic acid to all condensable 
ingredients in the reaction gas, the weight of all 
condensable ingredients, and the weight ratio of 
acrylic acid in the bottoms can be analyzed, for example, 
by the method for sampling the reaction gas and the 
bottoms and analyzing them with gas chromatography. 

The reaction gas of the present invention is a gas 
comprising acrylic acid generated by catalytic 
vapor-phase oxidation generally at a high temperature 
of about 2 50 to 300 °C, but the gas is preferably cooled 
at 140 to 250 °C, more preferably at 170 to 220 °C before 
supplying to the collection column. 

The solvent used in the method for collecting of 
the present invention is an aqueous solution that 
comprises 90 wt% or more of water preferably, more 
preferably an aqueous solution that comprises 92 wt% 
or more of water. Ingredients except the water in the 
collection solvent include formaldehyde, formic acid, 
acetic acid, and acrylic acid and so on. Using them 
as the collection solvent increases the efficiency of 
collecting acrylic acid. 

The collection device used in the method for 
collecting the present invention is preferably a 
column-type collection device comprising a collection 
column. The collection columns include, although not 
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particularly limited to, plate- and packing-type 
collection col umn s . 

In the present invention, in order to set the value 
of the above B/A to less than 1.25, it is preferable 
to keep the temperature of the top of the collection 
column in the column-type collection device within a 
predetermined range, particularly preferably within 
the range of ±1°C relative to the steady operation 
conditions. For that purpose, the periphery of the 
bottom or top portion of the column of the column-type 
collection device may be provided with, for example, 
a h e a t - r emo vi n g device such as a h e a t - r emo vi n g coil or 
an external heat exchanger to control the heat removal. 
When the temperature of the top of the column is 
constant, the amount of water (water vapor) distilled 
from the top of the column can be kept constant and the 
water concentration of acrylic acid aqueous solution 
flowed out from the bottom of the column, i.e., the 
concentration of acrylic acid in the bottoms can be kept 
constant . 

In addition, B/A may be adjusted to a smaller value 
by the method for (i) increasing the amount of heat 
removed by the he a t - r emo vi ng device; (ii) increasing 
the amount of the aqueous medium used as a collection 
solvent; (iii) lowering the temperature of the reaction 
gas (140°C or more at the minimum); or the like. At 
the time of the steady operation, the method (i) is 
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preferably used. 

However, when the value of B/A is set extremely 
small, an increase in energy load is involved in the 
step of purifying acrylic acid after the step of 
collecting. Therefore, the lower limit of B/A is more 
preferably 0.8, still more preferably 0.9. 

In addition, from the viewpoint of avoiding the 
clogging by polymerization of acrylic acid, the 
temperature of the bottom of the column is preferably 
86°C or less and the temperature of the top of the column 
is preferably 72°C or less. 

Hereinafter, an embodiment of the present 
invention will be described with reference to the 
drawing. However, the present invention is not 
limited thereto. 

Fig. 1 is a schematic diagram that illustrates an 
embodiment of the present invention. In Fig. 1, a 
reaction gas 1 comprising acrylic acid obtained by 
catalytic vapor-phase oxidation is supplied from the 
outlet of an oxidation reactor to the bottom of a 
collection column 2. Before being supplied to the 
collection column, the reaction gas 1 is cooled 
preferably to 140 to 250°C, particularly preferably 170 
to 220 °C at the outlet of the oxidation reactor or using 
a heat exchanger (not shown). Acrylic acid may be 
condensed and polymerized in this line when the gas is 
cooled to lower than 140°C, which is not desirable 



because clogging of piping or the like may occur. In 
contrast, when the temperature is too high, the column 
diameter of the collection column increases as the 
volume of the gas and the desired amount of heat removed 
in the collection column increase, which may easily 
cause a reduction in collection efficiency as well as 
an increase in cost of equipment. 

When the production of acrylic acid is carried out 
by the catalytic vapor-phase oxidation of propylene, 
the resulting reaction gas typically contains acrylic 
acid, nitrogen, carbon dioxide, oxygen, carbon 
monoxide, non- condens abl e hydrocarbon, condensable 
organic materials, water, and so on. Furthermore, the 
term "condensable ingredient" used in the present 
invention means an ingredient in which a pure substance 
thereof has a boiling point of 20°C or more and the term 
"non-condensable" used in the present invention means 
one in which a pure substance thereof has a boiling 
point of less than 20°C. 

An aqueous solution 3 as a collection solvent is 
supplied to the top of the collection column. The 
temperature of the aqueous solution 3 supplied is 
preferably 20 to 50°C. The water content in the 
aqueous solution 3 to be supplied is preferably 0.5- 
to 2-fold of the water content in the reaction gas. The 
temperature of the aqueous solution supplied is 
preferably lowered as much as possible, and the 
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temperature is typically 20 to 50°C. If it is lower 
than 20°C, the costs for cooling, such as the costs of 
refrigeration facilities may be high and thus it is not 
so economical. On the other hand, the temperature 
exceeding 50°C tends to cause a decrease in collection 
efficiency . 

The weight fraction of acrylic acid to all 
condensable ingredients in the reaction gas and the 
weight fraction of acrylic acid in the bottoms should 
be set such that the value of B/A is less than 1.25. 
For setting the value of B/A to less than 1.25, the heat 
removal may be controlled by providing the periphery 
of the bottom or top portion of the collection column 
of the column-type collection device with a heat 
exchanger 6 as described above such that the 
temperature of the top of the collection column of the 
column-type collection device is within a 
predetermined range, particularly ±1°C relative to the 
steady operation conditions . Setting the temperature 
of the top of the column to fall within the 
predetermined range allows a water (water vapor) 5 
distilled from the top of the column can be kept at 
constant amount, so that the concentration of water in 
acrylic acid aqueous solution flowing out from the 
bottom of the column, i.e., acrylic acid content in a 
bottoms 4 can be kept constant. 

The aqueous solution containing acrylic acid 
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collected as described above can result in purified 
acrylic acid through the ordinary steps conducted in 
the method for producing acrylic acid, namely, through 
the step of extracting using an aqueous solution 
containing acrylic acid and an appropriate extracting 
solvent, the step of separating the solvent, and the 
step of purifying- 
Brief Description of Drawing 

Fig. 1 is a schematic diagram illustrative of an 
embodiment of a method for collecting of the present 
i n ven t i on . 



Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be 
described in more detail based on examples and 
comparative examples. However, the present invention 
is not limited to the examples described below without 
departing from the gist of the present invention. 

<Example 1> 

Propylene was mixed with the air and an inert gas 
including of water, nitrogen, and carbon dioxide and 
then reacted with molecular oxygen at a first reaction 
zone in the presence of a mo 1 ybdenum- ox i de solid 
catalyst to obtain acrolein. Subsequently, acrolein 
was reacted with molecular oxygen at a second reaction 
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zone in the presence of a molybdenum-oxide solid 
catalyst, resulting in a reaction gas that contains 
3,200 kg/h of acrylic acid. 

<1> Composition of Reaction Gas 
<Mole Fraction> 

• Nitrogen + carbon dioxide 71.6% 

• Non - conde n s ab 1 e ingredients except the above 
5.3% 

(Specifically, unreacted material propylene, 
oxygen, carbon monoxide, or the like) 

• Acrylic acid 6.3% 

• Water 16.4% 

• Condensable ingredients except the above 

0.4% 

(Specifically, acetic acid, maleic acid, or the 

like ) 

<Weight Fraction> 

• Nitrogen + carbon dioxide 68.2% 

• Non-condensable ingredients except the above 
5.8% 

• Acrylic acid 15.2% 

• Water 10.0% 

• Condensable ingredients except the above 

0.8% 



The weight fraction of acrylic acid in the 
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condensable ingredients in the above reaction gas was 
5 8.5 wt % . 

<2> Collection Device 

A plate-type collection column was used as a 
collection device. The reaction gas obtained in the 
above was cooled to 170°C by a heat exchanger provided 
on the line at the outlet of an oxidation reactor and 
was then supplied to the bottom of the collection 
column . 

There is a line, in which a liquid in the bottom 
of the column (an aqueous solution comprising acrylic 
acid and generated in the bottom of the column and 
provided as bottoms) is circulated on the sixth plate 
from the bottom and there is a heat exchanger for 
cooling the circulation liquid in the line. 

The collection column used in this example has 36 
plates. As a collection solvent, an aqueous solution 
containing 93 wt% of water and 6 wt% of acetic acid (1% 
remaining portion is formaldehyde, formic acid, or 
acrylic acid) was supplied from the top of the column 
to the collection column at 40°C, followed by operation 
at 105 kPa in pressure of the top of the column. The 
volume of water was set equal to that of water in the 
reaction gas. 

It was operated by adjusting the load of the heat 
exchanger such that the temperature of the top of the 
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collection column reached 60°C. 
<3> Results 

Acrylic acid in the bottoms collected as described 
above had a concentration of 61.8 wt% and the loss of 
acrylic acid from the gas distilled from the top of the 
column was 0.4%. The operation results are 
collectively listed in Table 1. 

In addition, the loss of acrylic acid was measured 
as follows. A gas of the top of the column was sampled 
from the sampling nozzle provided in the piping from 
the top of the collection column, and then a part 
thereof liquefied by cooling and the un-liquefied part 
thereof were subjected to the composition analysis with 
gas chromatography, respectively. The absolute 
quantity of each component was calculated from the 
amount of the gas supplied to the reactor, and the ratio 
with the sum total with acrylic acid of the liquid in 
the bottom of the column set to 100% was calculated. 
Furthermore, gas chromatography was used for the 
composition of the liquid in the bottom of the column 
and a flow meter was used for the volume of the liquid 
in the bottom of the column. 



<Example 2> 

Acrylic acid was collected 
conditions as those of Example 



under the same 
1 except that the 
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temperature of the top of the column was set to 63.5°C. 
The concentration of acrylic acid in the bottoms was 

67.5 wt% and the loss of acrylic acid from the gas 
distilled from the top of the column was 1.9%. The 
results are shown in Table 1. 

<Comparative Example 1> 

Acrylic acid was collected under the same 
conditions as those of Example 1 except that the 
temperature of the top of the column was set to 66 . 5 °C 
and the operation was conducted for increasing B/A. 
The concentration of acrylic acid in the bottoms was 

73.6 wt% and the loss of acrylic acid from the gas 
distilled from the top of the column was 5.4%. The 
results are shown in Table 1. 

<Comparative Example 2> 

Acrylic acid was collected under the same 
conditions as those of Example 1 except that the 
temperature of the top of the column was set to 66 . 5°C 
and the plates used in the collection column was 
increased by 10 plates. The concentration of acrylic 
acid in the bottoms was 74.4 wt% and the loss of acrylic 
acid from the gas distilled from the top of the column 
was 4.4%. 

The concentration of acrylic acid in the bottoms 
was elevated by increasing the plate of the collection 
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column. In contrast, a large loss of acrylic acid from 
the gas distilled from the top thereof was observed. 
The results are shown in Table 1. 

<Example 3> 

The collection was performed under the same 
conditions as those of Example 1 except that the 
concentration of '"nitrogen + carbon dioxide" in the 
reaction gas was increased by 4 mol% while the water 
supplied to the collection column was decreased for 
that, and the temperature of the top of the column was 
set to 59 °C . 

At this moment, the concentration of acrylic acid 
in the condensable ingredients in the reaction gas was 
64.7 wt%, acrylic acid concentration in the bottoms was 
68.3 wt%, and the loss of acrylic acid from the gas 
distilled from the top of the column was 0.5%. The 
results are shown in Fig. 1. 

<Comparative Example 3> 

Acrylic acid was collected under the same 
conditions as those of Example 3 except that the 
temperature of the top of the column was set to 65 . 0°C. 
The concentration of acrylic acid in the bottoms was 
81.3 wt% and the loss of acrylic acid from the gas 
distilled from the top of the column was 5.3%. The 
results are shown in Table 1. 
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<Example 4> 

Acrylic acid was collected under the same 
conditions as those of Example 1 except that the 
temperature of the top of the column was set to 66 . 5°C 
and the volume of water in the aqueous solution used 
for the collection was 1.5-fold of the volume of water 
in the reaction gas. A concentration of acrylic acid 
in the bottoms was 61.8 wt% and the loss of acrylic acid 
from the gas distilled from the top of the column was 
0.3%. The results are shown in Table 1. 

<Comparative Example 4> 

Acrylic acid was collected under the same 
conditions as those of Example 4 except that the 
temperature of the top of the column was set to 71 . 0°C . 
The concentration of acrylic acid in the bottoms was 
73.7 wt% and the loss of acrylic acid from the gas 
distilled from the top of the column was 3.8%. The 
results are shown in Table 1. 

<E x amp 1 e 5 > 

Acrylic acid was collected under the same 
conditions as those of Example 1 except that the 
temperature of the top of the column was set to 55 . 5°C 
and the volume of water in the aqueous solution used 
for the collection was 0.7-fold of the volume of water 
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in the reaction gas. The concentration of acrylic acid 

in the bottoms was 63.0 wt% and the loss of acrylic acid 

from the gas distilled from the top of the column was 

0.9%. The results are shown in Table 1. 



<Comparative Example 5> 

Acrylic acid was collected under the same 
conditions as those of Example 5 except that the 
temperature of the top of the column was set to 62 . 0°C. 
The concentration of acrylic acid in the bottoms was 
73.8 wt% and the loss of acrylic acid from the gas 
distilled from the top of the column was 4.3%. The 
results are shown in Table 1. 
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The amount of acrylic acid in the bottom of the 
column is equal to [the flow rate of the liquid in the 
bottom of the column] x [the concentration of acrylic 
acid in the bottom of the column] ; and 

the loss from the top of the column is equal to 
[acrylic acid in the top of the column] / [ (acrylic acid 
in the top of the column) + (acrylic acid in the bottom 
of the column)] x 100(1) . 

Industrial Applicability 

According to the present invention, at the time 
of collecting acrylic acid with an aqueous medium, 
acrylic acid can be efficiently collected while the 
concentration of acrylic acid remaining in a gas is 
reduced . 



